Analysis on the risk factors of second fracture in osteoporosis-related fractures  by RUAN, Wen-dong et al.
Chinese Journal of Traumatology 2011; 14(2):74-78. 74 .
DOI: 10.3760/cma.j.issn.1008-1275.2011.02.002
Department of Orthopedics, General Hospital of Tianjin
Medical University, Tianjin 300052. China (Ruan WD, Wang
P, Ma XL and Zhou XH)
School of Continuing Education, Tianjin Foreign Stud-
ies University, Tianjin 300204, China (Ge RP)
*Corresponding author: Tel: 86-22-60363951; Email:
pjupju@yahoo.cn
   Chin J Traumatol 2011; 14(2):74-78
Analysis on the risk factors of second fracture in os-
teoporosis-related fractures
RUAN Wen-dong, WANG Pei*, MA Xin-long, GE Rui-ping and ZHOU Xian-hu
【Abstract】 Objective:    To explore the clinical char-
acteristics and risk factors of refracture in patients suffering
from osteoporosis-related fractures as well as effective
interventions.
Methods:    From January 2006 to January 2008, both
out-patients and in-patients in our hospital who were over
50 years old and suffered from osteoporosis-related frac-
tures were selected for this research. They were divided
into fracture group and refracture group. The refracture rate
was followed up for 2 years, during which 11 patients deve-
loped refracture, thus were included in the refracture group.
Therefore, 273 patients, 225 first-fracture cases, aged (67.7±
8.5) years, and 48 refracture cases, aged (72.7±9.5) years,
were included in this study. General data including age and
sex, fracture types, femoral neck bone mineral density (BMD)
T-scores tested by dual-energy X-rays absorptiometry
(DEXA), Charlson index, time-frame between two fractures
as well as mobility skill assessment were collected and ana-
lyzed by single-factor and multivariate statistical methods.
Results:    Females accounted for 70.2% of the fracture
group and 77.1% of the refracture group. The most common
refracture type was vertebral fracture for the first time and
femoral neck fracture for the second time during the follow-
up. The second fracture happened 3.7 years after the first
one on average. The refracture rate was 2.12% within one
year, and 4.66% within two years. Risk factors for a second
fracture in osteoporotic fracture patients included age (>75
years, HR=1.23, 95%CI 1.18-1.29; >85 years, HR=1.68, 95%
CI 1.60-1.76), female sex (HR=1.36, 95%CI 1.32-1.40), prior
vertebral fractures (HR=1.62, 95%CI 1.01-2.07), prior hip
fractures (HR=1.27, 95%CI 0.89-2.42), BMD T-score<-3.5
(HR=1.38, 95%CI 1.17-1.72) and weakened motor skills
(HR=1.27, 95%CI 1.09-1.40).
Conclusions:    The risks of second fracture among
patients with initial brittle fracture are substantial. There is
adequate time between the first and second fractures for
interventions to reduce the risks of refracture, especially for
the old women with a vertebral or hip fracture. Medication,
motor functional rehabilitation and fall-down prevention
training are helpful.
Key words:    Osteoporotic fractures; Recurrence; Risk
factors; Incidence
Osteoporosis seriously affects the quality of lifein elderly people, and osteoporosis-relatedfractures are considered to have the most
severe impact, leading to a marked decrease in quality
of life, dependency of walking aids or help from others,
and excess mortality. Research shows that the risk of
death will increase by 4 times for elder people who sus-
tain vertebral fractures, and by 2 times for those suffer-
ing from hip fractures. In recent years, huge progress
has been made on the control and intervention of os-
teoporosis as well as the evaluation of fracture risk
factors. However, according to orthopedics clinical
experience, refracture is usual. Patients with os-
teoporotic fracture have an increased likelihood of addi-
tional fracture, with an approximate two-fold risk of re-
currence rate. Few studies have addressed risk factors
of a second fracture separately. It is important to fully
describe the duration between the first and second
fracture, which could have clinical implications on the
prevention and treatment. This study aimed at a pre-
liminary discussion of such situation.
Original articles
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for 2.12%, and 11 patients developed refracture within
two years, raising the rate to 4.66%. Therefore the 11
cases were included in the refracture group. Thus there
were 48 cases in refracture group and 225 cases in
fracture group. The average age of the fracture group
was (67.7±8.5) years while that of the refracture group
was (72.7±9.5) years, showing significant statistical dif-
ference (t=2.63, P<0.01). But there was no statistical
significance in T-scores of two groups (t=1.88, P>0.05,
-3.24±0.53 for fracture group and -3.32±0.45 for refrac-
ture group, Tables 1 and 2).
Females accounted for 70.2% of the fracture group
and 77.1% of the refracture group. The most common
refracture type was vertebral fracture for the first time
and femoral neck fracture for the second time, followed
by femoral neck fracture for both first and second frac-
tures (Table 3).
METHODS
Object choosing
From January 2006 to January 2008, both out-pa-
tients and in-patients in our hospital who were over 50
years old and suffered from osteoporotic fracture with
the T-score≤-2.5 standard deviation tested by dual-
energy X-rays absorptiometry (DEXA) were chosen for
this trial.
Inclusion/exclusion criteria
To confirm osteoporotic fractures, the following cri-
teria should be satisfied: (1) age≥50 years; (2) frac-
tured positions included distal radius, proximal humerus,
vertebrae, proximal femur and acetabulum; (3) leading
cause was a small force no greater than 1.5 times of the
patient’s weight, mostly from a fall; and (4) the femoral
neck T-score≤-2.5 tested by DEXA. If the fracture oc-
curred on the femoral neck, test the normal one; if there
was recent fracture or inner fixation on the normal one,
T-score of the acetabulum was used.
Data collection and grouping
Information such as sex, age, fracture position,
Charlson index1 and so on was collected and the medi-
cal history was inquired. Patients who had a history of
osteoporotic fracture and met the criteria above were
considered as having refracture of osteoporosis-related
fracture, and were included in refracture group while
the rest were taken as the fracture group. Initially, there
were 236 cases of first-fracture and 37 refractures, 273
cases in total. The general information and T-scores of
both groups were collected. The fracture group was fol-
lowed up for 2 years to calculate their refracture rate
within one year and two years respectively. Patients
who developed a second fracture during the follow-up
should be taken into the refracture group.
Statistical analysis
The data were expressed asχ± s and analyzed by
single-factor and multivariate statistical methods with
SPSS (Version 13.0). Student’s t test was also em-
ployed in this study. P<0.05 was considered statisti-
cally significant.
RESULTS
Baseline data
In the follow-up of 236 cases of first-fracture, 5 pa-
tients developed refracture within one year, accounting
    158
63.9±8.5
      43
      52
      39
      17
        7
      56
      48
      13
      39
Table 1. Baseline characteristics of the initial fracture group
    Male           Female             Total
Case number
Age (years,χ±s )
Charlson index
       0
       1
       2
       3
  ≥ 4
Position
       Distal radius
       Proximal femur
       Proximal humerus
       Vertebrae
      67
69.4±7.9
      23
      21
      13
        7
        3
      23
      21
        6
      17
    225
67.7±8.5
      66
      73
      52
      24
      10
      79
      69
      19
      56
Items
Note: time-frame refers to the duration between two fractures.
Table 2. Baseline characteristics of the refracture group
   Male              Female             Total
Case number
Age  (years,χ±s )
Charlson index
       0
       1
       2
       3
 ≥ 4
Time-frame (years)
       11
77.0±8.4
        3
        3
        3
        1
        1
     —
       37
69.0±10.2
         9
       10
       12
         4
         2
    —
       48
 72.7±9.5
       12
       13
       15
         5
         3
   3.7±2.5
Items
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DISCUSSION
Osteoporosis-related fractures usually happen to
people over 50 years old and to females more than to
males. Distal radius, proximal femur, proximal humerus
and vertebrae are the frequent positions of fracture,2 as
well as the ribs, pelvis, distal femur and tibia plateau.
The lesion could be a minor crack fracture or a serious
comminuted fracture. It is caused by low-energy injury
(it is generally acknowledged that the injury violence
caused by falling from the level of gravity center is low-
energy injury violence), accompanied by pathological
fracture and reduced bone strength. Since 1994, WHO
has established the standard of  diagnosing
osteoporosis: BMD≤-2.5 standard deviations below the
mean young adult reference population.3 US National
Institutes of Health especially pointed out “bone quality
standard” in its report of 2001. BMD cannot reflect bone
strength exactly as the factor of the bone trabeculae
structure also affects bone strength, but the two fac-
tors have certain relevance. Correlation coefficient of
BMD and elastic modulus is 0.82; coefficient of BMD
and bone strength is 0.7.4 In recent two years, WHO
recommended using fracture risk assessment tool to
substitute solely using BMD to diagnose and evaluate
osteoporosis. BMD combining multi-factor risk analy-
sis is widely applied, e.g. in valuing 10-year probability
of getting a major fracture or hip fracture.5 The result
can be referred to control osteoporosis, but can not
Table 4. Risk factors for a second fracture identified
using Cox’ proportional hazard model
Variable                                           Hazard ratio (HR)       95%CI
Age (years)
       >75
       >85
Sex (women vs. men)
Prior vertebral fracture
Prior hip fracture
BMD T-score<-3.5
Time needed for supine to standing
       >15 s
       >20 s
Charlson index
    ≥ 2
     ≥ 3
     ≥ 4
1.23
1.68
1.36
1.62
1.27
1.38
1.09
1.27
1.00
1.01
0.94
1.18-1.29
1.60-1.76
1.32-1.40
1.01-2.07
0.89-2.42
1.17-1.72
1.06-1.14
1.09-1.40
0.97-1.03
0.96-1.07
0.85-1.04
The time-frame between two fractures was (3.7±2.5)
years on average, ranged from 8 days to 12 years, mostly
(about 58%) within 5 years. The analysis of Charlson
index revealed no statistically significant difference in
frequency distribution of two groups (X2=1.638, P>0.05)
Assessment for the control of mobility skill
Three months after treatment of fracture, patients
were tested for “time for changing body position from
supine to standing”. This test required clinical union of
the fractured bone, functional recovery of the injured
part, and the patient himself considering that he can
perform this action almost as well as that before
fracture. During the process of position change, action
and ways were not limited but the patient cannot feel
uncomfortable and should stand stable when timing was
stopped.
The average time for changing body position in frac-
ture group was (13.2±4.1) s while (27.1±9.4) s in refrac-
ture group, showing significant difference between two
groups (t=3.23, P<0.01). The average time for the 11
cases that developed refracture in follow-up was
(19±5.3) s, still revealing significant difference com-
pared with the 225 cases who did not experience
refracture (t=2.15, P<0.05).
Multivariate risk analysis
The risk factors for refracture of osteoporosis-related
fractures are summarized in Table 4 through a multivari-
ate analysis. Compared with the single-factor results,
the multivariate analysis showed more obvious risk fac-
tors such as bone mineral density (BMD) T-score, which
may be related to the relationship between BMD fac-
tors and age.
Table 3. Distribution of the fracture position in refracture
group (n=48)
     Fracture position
 Distal       Proximal      Proximal
 radius      femur          humerus
 Vertebrae
Male
       First time
       Second time
Female
       First time
       Second time
  2
  1
11
  7
  4
  6
15
14
1
1
3
5
 4
 3
 8
11
Items
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reveal the clinical features of osteoporosis-related
refracture.
At present, the research objects of osteoporosis-
related fractures are mainly patients who suffer from
hip fractures twice. Ryg et al’s6 study showed that the
rate of second hip fracture is 11%-23% (through a 25-
year follow-up visit), and death rate is 24.1% within
one year, higher than that for patients with first hip
fracture (15.9%). The risk is also related to patients’ age,
which increases by 1.5 times every five-year older.7
Therefore, the refracture consequences in elder patients
are quite serious, and it is significant to prevent refracture.
The incidence rate is related to such factors as age,
social status, sex, nervous system diseases, adminis-
tration of benzodiazepines drugs, intemperance, com-
munity sanitation construction, and living alone.8
However, studies collecting samples of refractures in
various places are not seen yet.
Our results indicated that age was the most impor-
tant predictor of second fracture. Studies find older age
to be associated with an increased risk of first and sec-
ond fractures, but the incidence of second fracture does
not increase with age all the time. Our study showed
the risk of second fracture increased by 1.6 times for
the elder people over 85 years old, compared with those
over 75 years old. However, with people getting older
and older from the first fracture, and the follow-up pe-
riod getting longer and longer, the incidence of second
fracture drops somewhat, affected by life expectancy
and raised mortality following fracture.9
Our study revealed that the hazard ratio for refrac-
ture was particularly high among women. But the sex
difference was less significant than that in first fracture
confirmed by other investigations.10 And the mortality fol-
lowing fracture of old men was higher than that of old
women.11 Therefore, with the above two factors taken
into account, the risk of old male getting second frac-
ture is higher than getting initial fracture.
Charlson index is usually introduced to assess the
elder’s functional status. Most investigations have dem-
onstrated an increased risk of fracture among low-func-
tioning people, but in our study the influence of func-
tional status on initial fracture and recurrence made no
difference. We should also consider that the high func-
tional status predicts improved physical recovery fol-
lowing the initial fracture, which may result in increased
opportunities for these individuals to survive and fall down
after the initial fracture.12 Low-functioning patients have
high mortality rate following the initial fracture.
Many therapeutic methods such as calcium salt,
active vitamin D, bisphosphonates, calcitonin, estro-
gen and selective estrogen receptor modulater (SERMs)
are proved to be able to increase BMD and reduce frac-
ture risk.13 With the decreased significance of BMD in
diagnosing osteoporosis, the therapeutic method by in-
creasing BMD as the only purpose can not prevent re-
fracture effectively or entirely. The improvement of bone
quality should depend on both biological and biome-
chanics factors.
As an important premise to improve bone quality,
drug treatment improves the bioenvironment of bone
metabolism. Functional rehabilitation therapy, as the
effective approach to increase bone strength, provides
effective biomechanical factors to stimulate bone growth.
In addition, motor skills training and fall-down preven-
tion education can directly prevent the occurrence of
fracture. It can be seen that the decrease of motor skills
is influential on the occurrence of fracture, thus under
the same circumstances of decreasing bone quality
and bone quantity, exercises to improve the control
ability for motor skills and fall-down prevention training
are of great importance to prevent fracture.
Sports medicine research shows that the aging pro-
cess of motor behavior is affected by osteoporosis,
muscle reduction and degeneration of cardiovascular
system, central nervous system (e.g. vision, vestibular
function), motor nerve control and cognitive competence
(processing speed and fear of fall-down), which may
present with change in center of gravity when standing,
abnormal action and gait, slow-down of mobility skill
control (posture change) and inflexibility of eye and hand
control. What is worse is that the confidence in acting
ability in some elder people often increases their chance
of injury. To delay the degeneration of their mobility skill,
the elder people are required to practice repeatedly the
present skill and learn new moves to adapt to various
random circumstances and maintain the stability of the
skill.14 At present, there is no mature standard to as-
sess who need to take necessary fall-down prevention
training. In Shanghai, fall-down ranks the third place in
the accidental death incentives.15
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The process from supine posture to standing pos-
ture can be affected by many factors including muscle
force, osteoarthritis, cardiorespiratory function, brain
blood vessel control, Parkinson disease, hemiplegia,
etc.16 So it is a suitable and comprehensive index for
motor assessment of the elderly. In addition, three other
postures are meaningful as well, including walking
straight and turning 180°, posture change from sitting
to standing, and big-muscle involved aerobics test.17
Our study shows that the refracture risk is still sub-
stantial after the first osteoporosis-related fracture.
Among all factors, sports coordination is often ignored.
In this study, some concepts of sports science and
rehabilitation medicine are adopted. The result indicates
the index is meaningful in analyzing the risks of the
elderly’s fracture. It is concluded that refracture occurs
about 4 years after the first one on average, which sug-
gests that there is enough time between fracture and
refracture to take measures to prevent or reduce the
risks of refracture. Although there are few proven thera-
pies to reduce secondary fractures among patients,
clinical guidelines recommend treatment of osteoporo-
sis for all women with a vertebral or hip fracture.18
This research still has some limitations. Because
there is no particular definite diagnosis standard for os-
teoporosis-related fracture, only the most typical clini-
cal cases are collected for this research, which limits
the number of samples. Moreover, the average interval
between first and second fracture is about 4 years,
suggesting a longer follow-up in future studies.
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